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OBSERVATIONS UPON CEREBELLAR CONVULSIVE ACTIVITY
INDUCED BY STRYCHNINEt §
For many years one of Professor John Fulton's major interests in neuro-
physiology has been the interpretation of cerebellar activity. His many
contributions to the relationship of cerebellum and cerebrum have clarified
the integration of the motor systems. The presentation of certain experi-
mental findings concerning "convulsive" cerebellar activity would seem,
then, to be appropriate on Professor Fulton's anniversary.
Some years ago in the course of studies on epileptic discharge, a group of
Hopkins investigators5 noticed an unusual type of high voltage, rapid cere-
bellar activity resulting from the intravenous injection of strychnine and
other agents. It was thought at that time that this phenomenon had not pre-
viously been described, but one of us (G.F.P.) came upon an earlier refer-
ence in the Italian literature to this type of cerebellar reaction.8 In the past
five years this rhombencephalic convulsion has been analyzed by a number
of investigators so that its characteristics may be briefly described as
follows:
Following the intravenous injection of strychnine, nitrogen mustard, and
dichloro-diphenyltrichloro-ethane (DDT) and, at times, after electrical
stimulation of the cerebellum, regular, rhythmic waves of high amplitude
(200-450 MAv) at frequencies of 10-32 per second, lasting from minutes to
several hours may be recorded from the cerebellar cortex, dentate nucleus,
brainstem, and spinal cord."7 These rhythmic discharges are not seen in
the cerebral cortex,7 but according to the study of Beaumont Johnson,' they
implicate the cerebellum, brachium conjunctivum, tegmentum, reticular
formation, and inferior olivary nucleus. The red nucleus and caudal por-
tions of the thalamus and the fields of Forel are also involved, although the
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anterior part of the thalamus and basal ganglia are silent. That the cere-
bellar activity represents "the summated efferent discharge of the Purkinje
cells" responding to afferent brainstem volleys has been suggested by
Bremer and Bonnet,1 who believe that the phenomenon is related to tetany
of the afferent bulbo-spinal projection to the cerebellar cortex. They found
that the anterior lobe of the cerebellum and the vermis had high voltage
responses and the lateral lobes, low voltage spikes of inversed polarity
which they believed were due to diffusion of the potentials from the vermis.
It seems generally agreed now that these cerebellar discharges are, as
originally described by Gualtierotti and Capraro,3 due to bulbo-cerebellar
circuits, and possibly spino-bulbo-cerebellar circuits.
The extent of cerebellar participation in these rhythmic discharges has
occasioned some difference of opinion. In their early studies Markham,
et al.,7 thought that the phenomenon was present in both vermis and lateral
cerebellar lobes, but Bremer and Gernandt2 concluded that the activity of
the lateral lobes was due to diffusion of the vermis potentials. In investi-
gating this problem further we have noted several interesting findings
which are presented in this paper.
METHOD
The present series of experiments has been performed on six cats. Under light ether
anesthesia and local infiltration of the neck and scalp a tracheal cannula was inserted
and the scalp incised. After pre- or transcollicular decerebration or uni- or bilateral
subpial "sucker" resection of the occipital lobe the anterior lobe of the cerebellum was
exposed by removal of the bony tentorium. Two animals were decerebrated during the
course of the experiment. The posterior vermis and the paramedian lobule were ex-
posed by a posterior craniectomy. The dura was opened wide and the cerebellar cortex
covered with mineral oil. The ether was discontinued at least 1 2 hours before the
recording started.
The electrical activity was recorded with ball-tipped silver wire electrodes (0.6 mm.
in diameter), resting upon the pial surface. In bipolar recording the interelectrode
distance ranged from 1.5 to 2 mm. For monopolar recording the "indifferent" lead
was clipped either to the temporal muscle or to the head holder. The activity was
recorded with a Grass electroencephalograph, having a time constant of 0.1 second
and a high range filter reducing the voltage 50% at 70 cps.
Just before the injection of strychnine, the animal was immobilized (succinyl-choline
chloride, 30-40 mg. intravenously) and artificially ventilated. Strychnine phosphate
in dosage of 2.5 mg. in 2.5 %O of aqueous solution-was injected through the saphenous
vein. Usually one injection was sufficient to induce "convulsive" cerebellar activity
lasting for the entire experiment, but occasionally a second injection was given at least
two hours after the first if the synchronized activity had completely disappeared and
could not be re-induced by auditory or somatic stimulation.
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RESULTS
This study has confirmed the general characteristics of cerebellar "con-
vulsive" activity following the intravenous injection of strychnine. No
further description will be presented of these findings which are well
described by Gualterotti and Capraro,3 Markham, et al.,' and others.1'8"0
Extent of cerebellar discharge. The topical participation of the cerebellum
in the rhythmic discharge has been studied by gangs of silver-tipped elec-
trodes placed on the surface of the exposed cerebellum. Responses have
1-2
2
2-3 MMM *
3 j
3-4-
4 X3M
4-5
5 AMX $ S - XM#g{# 5-6
6 TN#,W B W 6-7 A j I
7
A I1?0v B
FIG. 1. (K-14). A cat, decerebrated, immobilized by succinylcholine chloride and
artificially aerated, was given 2.5 mg. of strychnine sulphate one hour before this
record. The electrodes were placed upon the cerebellar cortex as indicated in the
enlarged sketch of the exposed cerebellum at the right. The distance between recording
electrodes was 2 mm. The traces (A) at the left are monopolar recordings of the
activity, which is seen to vary from vermis to cerebellar hemisphere but to be present
throughout. In the traces (B) at the left are bipolar recordings from the same points
as in (A). In all illustrations the vertical lines in the right lower corner indicate the
stated voltage calibration, and the horizontal line an intlrval of one second.
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been noted from the superior and posterior parts of the cerebellum accessi-
ble to recording. The activity of the flocculo-nodular lobe and of the
vermian lobuli I, II, III, IX, and X of Larsell' were not sampled.
In Figure 1 the activity of the lateral and vermian folia is shown in both
monopolar (A) and bipolar (B) recording. The frequency of the discharges
is the same in all traces in the monopolar recording. The amplitude is
higher (approximately twice) in the vermis (pts. 5, 6, 7) than in the
lateral lobules (pts. 1, 2, and 3). However, there is considerable variability
in the voltage of the discharges. In the bipolar recording these disparities
are even more pronounced. Many factors besides the topical location of the
electrodes may be responsible for these differences-the orientation of the
electrodes on the folia, the pressure of the electrodes on the cerebellar cor-
tex which appears to be sensitive to compression, and the placement of an
electrode over a sulcus. It is noteworthy that the polarity of the spikes is
reversed in the vermis and lateral folia. In the bipolar recording (B) the
point of transition is difficult to determine, in fact, it is not clear that there
is out-of-phase activity. Bremer and Bonnet's1 interpretation of the vermian
potentials as discharges induced by afferent bulbo-spinal volleys would seem
correct, but the hemispheral potentials appear greater than can be accounted
for by diffusion or field effect. The amplitude differential does not vary
topographically as one proceeds laterally in the manner expected if diffusion
were the only factor, and, secondly, as will be shown later, the activity of
the paramedian lobule is quite distinct from that of the more lateral folia of
the cerebellum and adjacent folia of the posterior vermis. Further studies
are required to solve this problem.
Effect of electrode orientation on the recording of cerebellar discharge on
the foliumn. Four electrodes were placed on the pial surface in such a way
that simultaneous linkages were possible either along the length of a folium
or across the same or two adjacent folia. The interelectrode distance was
the same in both directions. Under such conditions, usually, the transverse
linkage exhibits a "convulsive" activity similar to that seen in "monopolar"
recording, but the longitudinal linkage shows less synchronized discharge
(Fig. 2).
This feature is particularly evident at the slower frequencies of the
"strychnine waves" (10-18 cps.). It is present on all regions of the cere-
bellar cortex from which the convulsive activity can be recorded, both in
intact and decerebrate preparations, but it seems more evident in the latter.
Usually it remains a constant feature throughout the course of the experi-
ment, but in two animals from the most medial folium of the lobulus ansi-
formis a spontaneous inversion has been observed. In these animals the
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FIG. 2. (K-7). Traces from the cerebellum as indicated one hour and thirty minutes
after the intravenous injection of 2.5 mg. of strychnine sulphate. The distance between
recording electrodes was 1.6 mm. The longitudinal recordings from the folia are of
much more amplitude than the transverse. This is true in both the vermis and
hemispheres.
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longitudinal linkage showed much more pronounced "convulsive" activity
than the transverse one. In one animal the initial recording showed the
usual transverse dominance, then the reverse appeared and persisted until
the end of the experiment. Unfortunately, the transitional period occurred
at a time when the electroencephalograph was turned off. In the other case
the longitudinal recording was dominant initially and persisted so through-
out the experiment. Electrode placements on other regions of the cerebellar
cortex in the same animal gave the more usual characteristic, that is, a
transverse dominance. It is interesting to note that this unusual response
was recorded from the same region in the two animals, namely, the most
medial folium of the lobulus ansiformis.
\Vhen the electrodes are so arranged that the activity across two adjacent
folia can be compared with the activity along these folia, the feature
described above is usually accentuated (Fig. 3).
Peculiarities of "convulsive" discharge of the paraniledial lobule. The
paramedian lobule seems to react differently to the other parts of the cere-
bellum which we have examined. Both in intact and decerebrate prepara-
tions the resting electrical activity of the paramledian lobule is practically
the same as that of other cerebellar areas. After injection of strychnine,
however, the paramedian lobule does not show such well-synchronized
activity but a general increase in amplitude and numerous random fast
spikes, usually positive or diphasic in polarity (Fig. 4).
The difference between this lobule and other part of the cerebellar cortex
is particularly evident at the lower frequencies of convulsive activity. It is
present in "monopolar" and in bipolar recording, either from one or from
two adjacent folia.
Bipolar recording with one electrode on the paramledian lobule and
another a few millinmeters away, on a folium of the posterior vermis, shows
marked high voltage "convulsive" activity, which may be slightly irregular.
In Figure 4 it is observed that the trace from one posterior vermian
folium exhibits very little synchronized low voltage activity (linkage 7-8)
and that recording from two adjacent folia of the paramedian lobule (link-
age 6-5) has the same general characteristics as seen with "monopolar"
technique. However, a high voltage, fairly well-synchronized activity, spiky
in character, is apparent in the traces from electrodes on the paramedian
and posterior vermian lobules (7-6 and 8-5).
1)ISCUSSION
The "convulsive" rhythmic activity of the cerebellar cortex seems to
result from the bombardment of bulbo-spinal volleys upon the Purkinje
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FIG. 3. (K-7). Traces taken one minute after the injection of 2.5 mg. of strychnine
sulphate. The interelectrode distance was 2 mm. There is marked activity in the
transversely placed electrodes and relatively little activity in the longitudinally
oriented electrodes.
cells, the threshold of which has been lowered by the action of strychnine.
The precise origin of these volleys has not been definitely ascribed to any
particular anatomical nuclear group. Beaumont Johnson,4 who has studied
this aspect of the problem, concluded that the paroxysmal discharges were
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present in practically all nuclear masses caudal to the brachium conjuncti-
vum, especially the reticular nuclei, inferior olivary bodies, and vestibular
nuclei. This suggests that several cerebello-petal systems in varying degrees
may be implicated in the rhythmic activity. This multi-system discharge
7 7- 8
8 6- S
6 7-6
5 8 -5
I 100 PV
1 X8a
FIG. 4. (K-7). Taken approximately one hour after the injection of 2.5 mg. of
strychnine, this trace shows monopolar recording (at the left) with approximately
equal activity from the vermis and poorly synchronized and much less regular activity
from the paramedian lobule. In the bipolar recording at the right, high voltage activity
is seen in the records taken from the paramedian and vermian folia as described in
the text. The interelectrode distance was 1.6 mm.
might account for the extensive involvement of cerebellar cortex and
perhaps for the peculiarities of distribution which have been noted.
The finding that the paramedian lobule participates poorly in this
rhythmic discharge does not appear to be explicable on the basis of cyto-
architectural structure or anatomical connections. The exceptionally well-
marked rhythmic discharge of the anterior lobe and vermis may be related
to the richness and convergence of their afferent connections from the
bulbo-spinal axis.
It seems evident that the differences in records made with electrodes
longitudinally and transversely oriented to the cerebellar folia must be due
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to the temporal and phasal relationships of the incoming volleys to the
cerebellar cortex. It is possible that the phenomenon might be the result of
cortical neuronal connections, so that longitudinal excitation is much more
rapid than transverse. This concept is compatible with the known anatomi-
cal characteristics of the mossy fiber-granular system which courses from
one end of the folium to the other.9 However, this cortical thesis would
require much slower conduction across the folium than one would expect.
A second explanation is based upon the assumption that the incoming
volleys, synchronous at their bulbo-spinal origin,' being carried over fiber
systems of different caliber at varying rates of conduction become slightly
asynchronous at their termination in the cerebellar cortex. A topical
arrangement of the endings of these systems in the cerebellar cortex would
explain the different times of discharge of the Purkinje cells at the lips
and at the convexity of the folium.
SUMMARY
The rhythmic synchronous discharge induced in the cerebellar cortex by
the intravenous administration of strychnine is shown to occur in the
superior, posterior, and lateral parts of the cerebellar vermis and hem-
ispheres. The activity is minimal when recorded along a cerebellar folium
and maximal when recorded across a folium or two folia. The significance
of these findings is discussed.
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